Trans-acting hepatitis delta virus ribozyme: catalytic core and global structure are dependent on the 5' substrate sequence.
The hepatitis delta virus (HDV), an infectious human pathogen affecting millions of people worldwide, leads to intensified disease symptoms, including progression to liver cirrhosis upon coinfection with its helper virus, HBV. Both the circular RNA genome of HDV and its complementary antigenome contain a common cis-cleaving catalytic RNA motif, the HDV ribozyme, which plays a crucial role in viral replication. Previously, the crystal structure of the product form of the cis-acting genomic HDV ribozyme has been determined, and the precursor form has been suggested to be structurally similar. In contrast, solution studies by fluorescence resonance energy transfer (FRET) on a trans-cleaving form of the ribozyme have shown significant global conformational changes upon catalysis, while 2-aminopurine (AP) fluorescence assays have detected concomitant local conformational changes in the catalytic core. Here, we augment these studies by using terbium(III) to probe the structure of the trans-acting HDV ribozyme at nucleotide resolution. We observe significant structural differences between the precursor and product forms, especially in the P1.1 helix and the trefoil turn in the single-stranded region connecting P4 and P2 (termed J4/2) of the catalytic core. We show, using terbium(III) footprinting and sensitized luminescence spectroscopy as well as steady-state, time-resolved, and gel-mobility FRET assays on a systematic set of substrates, that the substrate sequence immediately 5' to the cleavage site significantly modulates these local as well as resultant global structural differences. Our results suggest a structural basis for the previously observed impact of the 5' substrate sequence on catalytic activity.